Element Free Galerkin Method (EFGM) is one of the effective computational methods in the mesh-free method, which does not require time-consuming mesh generation. This means that EFGM can be available for irregular nodes in the computational domain. This is the advantage of EFGM. Numerical simulation based on the incompressible Navier-Stokes equation is one of the nonlinear problem. A few approach for the analysis of nonlinear numerical simulation by EFGM applied to the Navier-Stokes flow is presented. Analysis of nonlinear problems by EFGM is important in engineering. Purpose of this study is to investigate the effectiveness of EFGM with incompatible mesh.
INTRODUCTION
In recent years, the performance of electric computer is drastically improved and the technology of the numerical analysis is highly progressed. Therefore it is possible to carry out the large-scale numerical simulation. The finite element method (FEM) has been successfully applied to solve a variety of engineering problems. On the other hand, it is clear that the mesh generation is the most time-consuming process for the analysis. For this reason, it can be said that the preparation of computational data is preventing the technology of simulation from popularization.
Recently, the mesh-free method which does not need element-nodal data for input data is studied actively in various fields of engineering. In the future, although the technology of computer will progress, the problem of the mesh generation is not expected to be reduced by large amount. As for FEM analysis, the incompatible mesh for the input data is not applicable. To adjust the incompatible mesh in FEM, it is really hard-working task. This work takes a lot of time in computation.
Even if the computer will progress, large reduction of the total computational time for hard-working task is not expected. Therefore, if the input data allows to apply the incompatible mesh, the mesh generation does not require a lot of time, and it is easy to generate the mesh. Because EFGM (Belytschko et. al, 1994a (Belytschko et. al, , 1994b (Belytschko et. al, , 1995 employs the moving least square method (MLSM), it takes a lot of time to searching nodes every integration point. As for MLSM, it is able to use the incompatible mesh for input data. In this point, MLSM is expected to reduce the total time of the numerical analysis.
ELEMENT FREE GALERKIN METHOD(EFGM) 2.1. Moving Least Square Method(MLSM)
As for FEM, state value of arbitrary evaluation points inside an element is interpolated using shape function from state value of node included in the element. On the other hand, as for EFGM, state value of arbitrary evaluation point in the domain is solved by a least square method from state value of nodal list which exists in the circle the center of which is the evaluation points. The circle is called 'domain of influence'. A weighting function which increases influence according to the distance between evaluation point and every node in the domain of influence to MLSM can be introduced. In short, the weighting value is changed according to the distance between evaluation point and nodes
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Approximated function x(sampling point) inside domain of influence, then a smoothly approximated curve line can be given. For the reason of this characteristic, approximated value is changed according to the movement of place, this interpolation scheme is called MLSM. The characteristics of MLSM are described referring to Fig.1 as follows,
• Approximate curved line does not pass the nodes, and • Comparing with the shape function which is applied to FEM, derivative at node is continuous at all sections.
In MLSM, the interpolation function φ(x) is approximated as follows,
where p m (x) is linear basis, m is the maximum number of terms in the basis.
where a(x) is coefficient, which depends on the position x. The coefficient a(x) is obtained by minimizing the following performance function J.
The function J is based on least square approximation, where N is the number of nodes in the neighborhood of x, and φ i is the nodal state value of φ at x = x i . The weighting function w(x -x i ) is a function of distance between evaluation point x and node x i , where x shows (x, y) in 2-dimension. The stationary condition of the performance function J in eq.(3) with respect to a(x) is written as follows, (4) which leads to the following linear relation between a(x) and φ,
where A(x) and B(x) are defined as follows, (6)
and A(x), B(x) are m × m, m × N matrixes, respectively. To express the size of matrix, the subscripted indices expression is employed,
(10)
The interpolation function φ h (x) is transformed to the following form, 
where
Weighting Function
It is important to select a weighting function w(x -x i ) = w(r i ) in MLSM. The choice of the weighting function affects strongly on the resulting interpolation function φ h (x). There is large range for the selection of the weighting function. The basic characteristics are as follows;
• Weighting function is positive number, and • Weighting function is defined as the function of distance between the two points. Until recently, some weighting functions are already presented. The quartic spline function in Fig. 2 is the most generally used as typical weighting function. The function w(r i ) is expressed as,
Sparse Method
Though it is described later, a large number called 'Penalty number' is associated with the weighted residual equation. Thus, the diagonal terms of the matrix becomes very large so that the iterative method such as the conjugate gradient method is unsuitable for the solution.
As for EFGM, because the interpolation function is approximated by MLSM, the analysis takes a lot of calculation time to search neighborhood of nodes at every integration point. Therefore, it is very important to select a direct method which is able to perform the rapid calculation. In this study, the sparse method and the improved Cholesky decomposition scheme is employed to solve EFGM equation. As for the sparse method, only non-zero factors could be memorized. Therefore, a large amount of calculation time can be reduced.
INCOMPRESSIBLE NAVIER-STOKES EQUATION
The incompressible Navier-Stokes equation is composed of momentum equation (17) and continuity equation (18). (16) where r i , d m is the distance between evaluation point x i and node x, radius of the domain of influence supported by the weighting function, respectively. Then the weighting function is effective at the evaluation point x only. If the evaluation point is changed, the other domain of influence should be given.
The new functions should be used for re-evaluation of the weighting function. Continuing this in every evaluation point x, a(x) becomes a function of x. Thus, even if linear basis is employed, a smoothly approximated function is obtained. The relation of distance and weighting value is expressed in Fig. 3 . 100 Application of element free galerkin method to Navier-Stokes equation 
where eqs. (19) and (20) are Dirichlet boundary condition, u and p denote the velocity and pressure, ν is the viscosity, which is the inverse of Reynolds number Re. In this study, the Improved BTD and the FS(Fractional Step) method are employed to solve eqs.(17) and (18). Using Improved BTD and FS method (Maruoka, 1998) , equation (18) The Element-Free Galerkin formulation is expressed as follows, 
Penalty Function Method
As for EFGM, the state value of approximated function at every node does not correspond to the practical state value of every node, which means the approximated function does not pass the node (Fig. 3) . This is due to the least square approximation. Then, in this study, the penalty function method (PFM) is employed to satisfy the Dirichlet boundary condition. Using PFM, derivatives of an approximated solution at any points can directly coincide with nodal state values. PFM is solved by FEM for 1-dimension.
Weighted residual equation with PFM is written as follows,
where in which α is a penalty number to take the Dirichlet boundary condition into consideration and α is very large number.
Numerical Example
In this study, to investigate the efficiency of EFGM, following four numerical meshes are prepared. Fig. 5 shows compatible mesh for FEM. Fig.6 shows In each examples, ∆t is 0.01 and Re is 1000.
Cavity Flow Problem
As a numerical example, cavity flow based on the Navier Stokes equation is analyzed. This problem is used to investigate a scheme of discretization for incompressible viscous flow. In the cavity, the flow states are partially steady. For example, Vortices and stagnation of the flow can be observed. These phenomena are feature of the incompressible viscous flow. Therefore, to apprehend these states by numerical analysis is important. Fig. 4 shows the boundary condition and a computational domain. 
Numerical Result 2
From numerical result 1, it is able to explain the effciency of EFGM. The EFGM is applied to the incompatible mesh shown in Figs. 7 and 8. In some area of these mesh, it is generated by dense or coarse nodal distributions. The shape function is generated effectively by MLSM for the incompatible mesh. 
Numerical Result 3
As for the cavity flow analysis, to investigate the precision, numerical results are often compared with those by Ghia et al (1982) . Figs. 21, 22 and 23 show the history of velocity. As for the velocity of x-direction, it is shown in x = 0.5. On the other hand, as for the velocity of y-direction, it is shown in y = 0.5. 
CONCLUSION
In this study, analysis of the incompressible Navier-Stokes equation using EFGM is presented. The precision of EFGM is the same as FEM. EFGM can be applied to the nonlinear problem. In this study, incompatible mesh is applied. Based on numerical experiments by compatible and incompatible meshes, the
